Context-awareness has been considered as promising topic in pervasive computing area, but a review of the existing approaches shown that developing diverse application services in this area is still motivated based on the analysis of existing approaches in literature. This paper proposed a context-aware system, which can provide more specific information and services about the situation where you may arrange a business meeting as a case study. In developing a context awareness application, we adopted an approach that selects and combines the strengths of the reviewed methodologies. As an infrastructure for supporting this development, a framework architecture prototype was constructed. Especially, we focused on ontologies which make it possible to reason semantic notion.
Introduction
There have been much research efforts to make it practical to apply pervasive computing technologies to the real world. Yet its practical use is still in progress. In fact, the most crucial aspect in pervasive computing environment is not technology itself but rather how it is well used and adopted to real world practically. Also, we might have no doubt of visible achievements [1, 2, 3, 4] of context aware research in pervasive computing but developing diverse application services in this area is still required based on the review of existing approaches in literature. In that sense, we build a context-aware application, which can provide more specific information and services about the situation where you may arrange a business meeting. We adopt an approach that selects and combines the strengths of the reviewed methodologies. Because a generally accepted definition does not exist and the term is frequently used with unspecific meaning, we briefly introduce a few key concepts and issues about context and situation awareness for our study.
Dey [5] defined context as "any information that can be used to characterize the situation of an entity. An entity is a person, place, or object that is considered relevant to the interaction between a user and an application, including the user and application themselves". Also, Dey provided the following definition: "A system that uses context to provide relevant information and/or services to the user, where relevancy depends on the user's task" for context-aware computing. Context-aware computing means that it enables an application especially for mobile to utilize knowledge about various context dimensions, such as who the user is, what the user is doing, where the user is and what computing equipment the user is using [6] . Then the application can provide specific information and customized services to users according to the interpreted context.
Pashtan [7] classify the context dimensions into four sub dimensions which is user static context, user dynamic context, network connectivity and environmental context. Each context dimension is described by its respective context parameters, for example, a user's static context parameters are his profile, preferences, interests, and etc. shown in Table 1 .
Regarding those contexts, three kinds of activity may be performed. Context gathering is conducted to collect raw context data from various sensors and augment these data. Context interpretation consists of transforming raw sensor data into human understandable high-level contexts. High-level contexts are composed of data from different context data sources or of different context dimensions (location, temperature, etc). Interpretation is carried out by using predefined rules as in [8] . A slightly different approach is presented in [9] , where context is modeled and interpreted based on ontologies. Following this approach, context is represented as predicates written in OWL and context interpretation is performed by a context reasoning engine that supports RDF-S and OWL reasoning and general rule based reasoning. Using ontology introduce the following dramatic advantages in pervasive computing : (1) well defined declarative semantics provide a means for intelligent agents to reason about contextual information, (2) ontology model can be used as essential knowledge base for architecture for sharing knowledge in an open and dynamic distributed systems, (3) ontology provides us significant advantages in reusability. Once ontology is constructed, it can be reused for various purposes in many applications [10, 11] .
In architectural point of view, layered conceptual architecture is mainly used in developing contextaware applications. Henricksen [12] suggested four layer architecture. In layer 1, sensor outputs are processed to produce context information that can be used by applications. Layer2 includes context repositories that provide persistent storage of context information and advanced query facilities. Layer 3 includes decision support tools that help applications to select appropriate actions and adaptations based on the available context information. Programming toolkits are often also incorporated at the layer 4 to support the interactions of the application components with other components of the contextaware system.
Considering the concepts and issues mentioned above, we need to develop a context aware system not only to address questions such as detailed design approaches, but to present practical benefits of context awareness. The contribution of this paper is twofold. Firstly, we have made comparison and evaluation of existing approaches, and presented the results of the analysis. Subsequently, this analysis results can be used to derive a unified approach from the existing approaches. Secondly, a context framework and ontology has been developed in terms of context management even though there have been many of similar previous approach.
The remainder of this paper is structured as follows: In Section 2, we make comparison and evaluation of existing approaches, and present the results of the analysis. Subsequently, this analysis results can be used to derive a unified approach integrating concepts from the existing approaches. In Section 3, we present our experiment environment and a case study. Section 4 summarizes and concludes the paper.
Related Work
CoBrA is a context-management framework that was developed in 2004 by Dr. Harry Chen as part of his PhD research at the University of Maryland, Baltimore County [10] . CoBrA is the agent based architecture for supporting context-aware computing in intelligent spaces. Intelligent spaces are physical spaces populated with intelligent systems that provide pervasive computing services to users [10] . CoBrA uses OWL (Web Ontology Language) to define its ontologies for representing context and modeling. The main ontology associated with CoBrA is SOUPA (Standard Ontology for Ubiquitous and Pervasive Applications).
Dey et al. [14] introduce a conceptual framework to assist in the design of context-aware applications present a toolkit that can facilitate context-aware computing research. by allowing the empirical investigation of the design space and the exploration of difficult challenges in the handling of implicitly sensed context. In this research, the Conference Assistant which helps conference attendees to determine what presentations or demonstrations are interesting or relevant is presented.
The Context Toolkit [15] is an architecture developed at the Georgia Institute of Technology that aims to provide reusable solutions to the problems of developing contextaware applications. The Context Toolkit provides useful domain-specific abstractions for the incorporation of context data generated from sensors into applications, through the use of the widget abstraction. This based on the GUI concept of a widget as a reusable component for abstracting away from and hiding the specifics of a physical device. In Davy et al [16] , a component-based approach is presented , which not only support context-aware adaptation of services, but also support adaptation of the context management system itself at deployment time and at runtime.
Baldauf [13] provides a comprehensive review and analysis of current context-aware system regarding architecture, context model, and frameworks. In this research, it is argued that developing flexible and useable context ontologies that cover the wide range of possible contexts is a challenging task.
In this review, Baldauf summarizes and presents other research results about context management models, sensors, context models.
Dey [5] identified a design process for building context aware applications. There are not many researches which address a detailed and concrete design process. Karen [20] also outline the process that is generally followed when building a context-aware application. In this research, the design and implementation steps rely on the branching, triggering and context query APIs to incorporate contextaware functionality, but otherwise adopt traditional methodologies and languages.
Referring to research of Anagnostopoulos et al. [18] , Jacob [17] summarize the concept of situationawareness as "the particular kind of context-awareness, where situations are viewed as logically aggregated pieces of context". Their definition is one of only few definitions differentiating between context and situations, but finally implies the aggregation of context only. Also Jacob [17] summarize that a situation-aware application has "to estimate the user's current situation(s) and react appropriately" and to "autonomously adapt to the user's current situational context". Theodore et al. described that modeling context for representing, manipulating and accessing both static and dynamic information is essential for context-aware infrastructures [19] . Also it is shown that The significance of a flexible and practical context model is evident not only in facilitating the task of programming a context-aware system, but also in permitting the desirable degree of gathering, management, dissemination and reasoning on contextual information.
After reviewing and analyzing the related researches, we found and categorized some aspects to be considered in the development for context aware system. The first is that detailed process for developing this system was not shown. The context-aware services must be able to understand various aspects of context-aware computing technology current situation or context and use them to interact with the user in a more intelligent way by combination of different technologies such as sensing devices, intelligent software, wireless technologies, etc. so that a software engineering methodology is needed to integrate the diverse nature of context aware technology [6] . Only a few researches [5, 19] present a design process or development process. In one research, the design process is as follows [5] :
Step1) Specification: Specify the problem being addressed and a high-level solution.
1.1. Specify the context-aware behaviors to implement.
Determine what context is required for these behaviors (with a knowledge of what is available from the environment) and request it.
Step 2) Acquisition: Determine what hardware or sensors are available to provide that context and install them.
Step 3) Action: Choose and perform context-aware behavior. In other software engineering process suggested in [16] , the steps can be partitioned into the following tasks: analysis (A), design (D), implementation or programming (P), infrastructure customization (I) and testing (T).
Step 1) The analysis task captures and documents the functionality and requirements of the application, as in most other software lifecycle models.
Step 2) software engineering process includes two additional steps specific to context-aware applications. The first focuses on the types of context information that are required in order to implement the functionality identified at step 1.
Step 3) the analyst identifies those choices and events that are influenced or triggered by the context, and, for each of these, documents the role of context by producing sample preferences and triggers.
Step 4) the software engineering process diverges into two sets of tasks that can be performed in parallel, one concerned with design and implementation, and the other with customization of the software infrastructure.
Neither of two methods did suggest detailed procedure, and then we require a development method considering ontology development and hardware technology.
The second is what characteristics which context aware application should have are and how and where those ones are reflected. In the research [14] , a few reasons why handling context is difficult are described as follows, but it's not comprehensive and complete: (1) there are no guiding principles to support good software engineering practices; (2) designers lack abstractions to think about context; and (3) context sensing is very often distributed and leads to complex distributed designs. One of the possible solution for (1) is to use a layered architecture reflecting the concept of "separation of concerns" so that applications can use contextual information without worrying about the details of a sensor and how to acquire context from it. Regarding the other solution for (2) and (3), it is not clear that how they are reflected in what design process.
The third is that reusability including context ontology reuse, framework or service scenario reuse has not been considered in the development of context aware application. The cost and time can be huge if all parts of such application are developed from scratch, so we need a method to enhance reusability.
The experiment environment
For our study, we present ontology based context as shown in Figure 1 . In order to provide contextual service, location, user and device ontology is constructed and also context aware module is built. Service history is stored into the service history repository. More detailed information is discussed in experiment result section of this paper. Our case study is for intelligent meeting assistant who helps a manger to organize team meeting including arrangement of meeting place, notification of meeting, operation of hardware devices. User A as team manager is scheduled to have a team meeting but meeting place is not arranged. This scenario is described in Table 2 .
For the provision of contextual services, location and device ontology are modeled and user ontology is explained in more detail.
User Ontology
A user is assumed to have the following properties and this user class plays the most centric role in the service provision based on context awareness. 1) User is person and have mobile device. 2) User has attributes including name, job, sex, team, age etc. in user profile.
3) User has preference and interest. 4) User has a schedule. Figure 2 shows the class and attribute connected by the inference rules. The user is connected with a device and a service through "hasPreference". The presence information includes a service history. To support our scenario, if there is a meeting in User_1 schedule, the inference result shown in Figure 3 shows the arrangement of meeting Room_1 and notification of the team meeting to members. This notification is achieved through the rules expressed in following SWRL. Figure 4 shows context aware through ontology and a series of presence information. After gathering major context information sensed at a time line from "Presence_1" to "Presence_4", this information will be stored and used to provide proactive services. 
experiment result
From the analysis of related research, we built a case study which required context processing and presented the practical use of context aware application. In order to extract appropriate services depending on the context, we used ontology based model and inference.
As results of applying this, context information was created, stored and interpreted to provide reactive services. Also, it showed possibility for providing proactive service based on the service prediction. Despite this experiment, we have not addressed the provision of step-by-step procedure for developing context aware application. Instead, we applied a generic software engineering method and ontological method to this application. During components of our prototype framework, components and service scenario reusability was partially considered. By generalizing application scenario into the service scenario, possibility of reusing service scenario was found.
To experiment our scenario, we have built a framework architecture prototype as shown in Figure 5 . 
Sensor Manager
Sensor Manager collects environmental data. Sensor Manager is also responsible for managing sensor data monitoring. Sensor Manager should process the numbers forming raw sensor data according to the interpretation rule. General customized sensor system embedded in mobile devices consists of a multi sensor which may include sound sensor, light sensor, gyro sensor(motion sensor), humid sensor, temperature sensor and GPS. We can simply use time and date information as context as well. In our experiment, only virtual sensors which can obtain source context data from software applications or services [13, 21] are considered.
Context Knowledge Base
We have built two essential components as follows:
• Ontology Base: it provides a set of terms for describing context knowledge. This ontology allows agents to share a common understanding of the information that they exchange and to reason additional information beyond already known information. This consists of three type of ontology. First, spatial context ontology as a static ontology which is not likely to be changed plays a role in supporting general knowledge of spatial context. Second, sensor data ontology as task ontology is responsible for recognizing features of place where the user may be. This is dynamically generated and discarded in every moment of sensing. Lastly, user profile ontology provides additional information in terms of user preference. It can be quite helpful to infer semantic of the place where the user is. For example, a theater can be either the workplace for a user or just a place for watching movie according to user's profile.
• Ontology Reasoner: This is a system that reasons over the semantic model of ontology. To reason about our context ontology, we use a standard ontology language, OWL, and this ontology reasoner provide a set of rules for interpreting the semantic model of OWL and infer necessary information from the knowledge base.
4.Conclusion
We developed a context-aware application, which can provide more specific information and services about the situation where you may arrange a business meeting as a case study. To develop this application, an approach that selects and combines the strengths of the reviewed methodologies has been adopted.
The contribution of this paper is twofold. Firstly, we have made comparison and evaluation of existing approaches, and presented the results of the analysis. Subsequently, this analysis results can be used to derive a unified approach from the existing approaches. Secondly, a context framework and ontology has been developed in terms of context management even though there have been many of similar previous approach. The context is the key information that allow service provider to implement reactive services. In future work, we will introduce more sophisticated way of data fusing methodology form many difference feature of data and provide a method for proactive service. It will dramatically facilitate the advantages of using ontology.
